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©  Heat  treated  high  strength  bimetallic  cylinder. 
  A  high  strength  bimetallic  cylinder  having  a  wear- 
resistant  ferrous  liner  or  inlay  and  capable  of  withstanding 
high  stresses  is  provided  by  a  heat  treatment  process  wherein 
the  cylinder  steel  is  transformed  into  the  austenitic  phase, 
followed  by  rapidly  cooling  the  cylinder  to  an  intermediate 
temperature  so  that  the  ferrous  outer  housing  is  transformed 
to  a  bainitic  structure,  and  then  slowly  cooling  the  cylinder  to 
transform  the  ferrous  liner  into  a  martensitic  structure. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  h i g h   s t r e n g t h   b i m e -  

t a l l i c   c y l i n d e r   and  a  p r o c e s s   f o r   i t s   m a n u f a c t u r e .   B i m e -  

t a l l i c   c y l i n d e r s   f i n d   p a r t i c u l a r   u s e   in  i n j e c t i o n   m o l d i n g  

or   e x t r u s i o n   o p e r a t i o n s .  

I n j e c t i o n   m o l d i n g   i s   a  p r o c e s s   f o r   f o r m i n g   a r t i -  

c l e s   f rom  p l a s t i c s ,   w h e r e i n   a  h e a t e d ,   f u s e d   p l a s t i c   i s  

f o r c e d   u n d e r   p r e s s u r e   i n t o   a  mold   c a v i t y   to  s o l i d i f y   i n  

t h e   s h a p e   and  s i z e   of  t h e   c a v i t y .   The  c h a r g e   of  p l a s t i c  

m a t e r i a l   to   be  i n j e c t e d   i n t o   t h e   mold   c a v i t y   mus t   b e  

h e a t e d   and  p r e s s u r i z e d   p r i o r   to  i n j e c t i o n ,   and  in  o n e  

a p p r o a c h ,   t h e   p l a s t i c   s t a r t i n g   m a t e r i a l   i s   f ed   i n t o   a  

h o l l o w   c y l i n d e r   h a v i n g   a  s c r e w   t h e r e t h r o u g h .   As  t h e  

s c r e w   t u r n s ,   t h e   p l a s t i c s   f o r c e d   i n t o   a  h e a t e d   zone   o f  

t h e   c y l i n d e r   a h e a d   of  a  c h e c k   r i n g   on  t h e   head   of  t h e  

s c r e w ,   so  t h a t   a  p r e d e t e r m i n e d   v o l u m e   of  h e a t e d ,   p r e s s u r -  
i z e d   p l a s t i c   i s   p r e p a r e d   f o r   s u b s e q u e n t   i n j e c t i o n   i n t o  

t h e   mold  c a v i t y   by  a  f o r w a r d   m o v e m e n t   of  the   s c r e w   a n d  

c h e c k   r i n g   w i t h i n   t h e   c y l i n d e r .  

B e c a u s e   t h e   e c o n o m i c s   of  i n j e c t i o n   m o l d i n g   d e -  

p e n d   upon  a t t a i n m e n t   of  l o n g   o p e r a t i o n   l i v e s   f o r   t h e  

m a c h i n e r y ,   i t   is   i m p o r t a n t   t h a t   t h e   i n n e r   l i n i n g   of  t h e  

c y l i n d e r   have   a  h i g h   r e s i s t a n c e   to  w e a r   and  c o r r o s i o n   b y  

t h e   h e a t e d   p l a s t i c   m a t e r i a l .   S h o u l d   t h e   i n s i d e   of  t h e  

c y l i n d e r   w e a r   away  so  t h a t   t he   i n n e r   d i a m e t e r   of  t he   c y l -  



i n d e r   i s   e n l a r g e d ,   a  c l e a r a n c e   d e v e l o p s   b e t w e e n   t h e   c h e c k  

r i n g   and   s c r e w ,   and  t h e   i n n e r   w a l l   of  t h e   c y l i n d e r   s o  

t h a t   t h e   p l a s t i c   m a t e r i a l   l e a k s   b a c k   f rom  t h e   p r e s s u r i z e d  

z o n e ,   w i t h   t h e   r e s u l t   t h a t   t h e   n e c e s s a r y   p r e s s u r e   f o r  

i n j e c t i o n   m o l d i n g   w i l l   n o t   be  d e v e l o p e d .   The  c y l i n d e r  

m u s t   t h e n   be  r e f u r b i s h e d   or   r e p l a c e d ,   or   a  l a r g e r   d i a m e -  

t e r   c h e c k   r i n g   m u s t   'be  u t i l i z e d   a n d ,   in   any  e v e n t ,   t h e  

. e c o n o m i c   p r o d u c t i o n   p r o c e s s   i s   i n t e r r u p t e d .  

One  p r o c e s s   c u r r e n t l y   u s e d  f o r   p r o v i d i n g   a  c y l -  

i n d e r   h a v i n g   a  h i g h l y   w e a r   r e s i s t a n t   and  c o r r o s i o n   r e s i s -  

t a n t   i n n e r   l i n i n g ,   w h i l e   a t   t h e   same  t i m e   h a v i n g   an  o u t e r  

p o r t i o n   w i t h   h i g h   s t r e n g t h   and  t o u g h n e s s   i s   a  n i t r i d i n g  

p r o c e s s .   H e r e ,   t h e   i n s i d e   of  a  s t e e l   c y l i n d e r   i s   n i t r i -  

ded   by  e x p o s i n g   t h e   i n n e r   w a l l   of   t he   c y l i n d e r   to   a  

n i t r o g e n   c o n t a i n i n g   g a s   s u c h   as  a m m o n i a ,   a t   e l e v a t e d   t e m -  

p e r a t u r e s .   T h i s   p r o c e s s   r e s u l t s   in  a  r e l a t i v e l y   t h i n  

l a y e r ,   i . e . ,   0 . 0 0 5 "  -   0 . 0 2 0 " ,   of   h a r d e n e d   s t e e l   on  t h e  

i n s i d e   of  t h e   c y l i n d e r .   Due  to   t h e   d e c r e a s i n g   h a r d n e s s ,  

w i t h   r e s p e c t   to   d e p t h ,   t h e   w e a r   r a t e   w i l l   a c c e l e r a t e   a s  

m a t e r i a l   i s   w o r n   a w a y .   For   t h i s   r e a s o n ,   n i t r i d i n g   i s   n o t  

c o n s i d e r e d   an  a d e q u a t e   p r o c e s s   f o r   t h e   h i g h   w e a r   a p p l i c a -  

t i o n s   as   e x p e r i e n c e d   in   e x t r u s i o n   and  i n j e c t i o n   m o l d i n g  

e q u i p m e n t .  

A n o t h e r   p r o c e s s   f o r   p r o v i d i n g   a  c y l i n d e r   w i t h   a  

l i n i n g   h a v i n g   i m p r o v e d   wea r   r e s i s t a n t   p r o p e r t i e s   u s e s  

c e n t r i f u g a l   c a s t i n g .   In  t h i s   p r o c e s s ,   i n g r e d i e n t s   s u i t -  

a b l e   f o r   f o r m i n g   an  i n n e r   l a y e r   w i t h i n   t he   c y l i n d e r   a r e  

l o a d e d   w i t h   a  p r e - m a c h i n e d   c y l i n d r i c a l   o u t e r   s t e e l   h o u s -  

i n g .   The  e n d s   a r e   t h e n   s e a l e d ,   t h e   h o u s i n g   i s   p l a c e d   i n  

a  f u r n a c e   a t   a  t e m p e r a t u r e   s u f f i c i e n t l y   h i g h   to  m e l t   t h e  

i n n e r   l a y e r   b u t   n o t   t h e   h o u s i n g ,   and  t h e   c y l i n d r i c a l  

h o u s i n g   i s   t h e n   r o t a t e d   r a p i d l y   a b o u t   i t s   a x i s   to   d i s -  

t r i b u t e   t h e   m o l t e n   i n g r e d i e n t s   in  a  c o n t i n u o u s   l a y e r  

a b o u t   t h e   i n s i d e   of  t h e   h o u s i n g .   Upon  c o o l i n g ,   t h e   i n n e r  

l a y e r   i s   m e t l i u r g i c a l l y   b o n d e d   to  t h e   c y l i n d r i c a l   o u t e r  



h o u s i n g ,   and  t h e   i n n e r   l a y e r   may  t h e n   be  m a c h i n e d   o r  

h o n e d   to  f o r m   a  s m o o t h   b o r e   of  c o n s t a n t   d i a m e t e r   to  r e -  
c e i v e   t h e   s c r e w   and  c h e c k   r i n g .   B o r i n g   i s   p r e f e r r e d   t o  

h o n i n g   s i n c e   i t   i s   l e s s   e x p e n s i v e   and  f a s t e r .   H o w e v e r ,  

i f   t h e   l i n i n g   or   i n l a y   i s   t o o   h a r d ,   i t   c a n n o t   be  b o r e d  

and  mus t   be  g r o u n d   or   h o n e d .   O t h e r   w e a r   s u r f a c i n g   m e t h -  

ods  t h a t   c o u l d   be  u s e d   to   a p p l y   t h e   l i n e r   m a t e r i a l   to   t h e  

I . D .   of  t h e   o u t e r   h o u s i n g   i n c l u d e :   (1)   h o t   i s o s t a t i c  

p r e s s i n g ;   (2 )   p l a s m a   t r a n s f e r e d   a r c   w e l d i n g ;   (3 )   t h e r m a l  

s p r a y   and  l a s e r   f u s i o n ;   and  (4)   d i r e c t   l a s e r   c l a d d i n g .  

The  use   of  f e r r o u s   a l l o y s  t o   l i n e   a  s t e e l   h o u s -  

ing   to   f o r m   a  b i m e t a l l i c   c y l i n d e r   i s   known.   U n i t e d  

S t a t e s   P a t e n t s   Nos.   2 , 0 4 6 , 9 1 2 ;   2 , 0 4 6 , 9 1 3 ;   3 , 3 3 4 , 9 9 6 ;   a n d  

3 , 6 5 8 , 5 1 5   d i s c l o s e   a l l o y s   f o r   s u c h   u s e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r   m a k -  

ing   an  i m p r o v e d   b i m e t a l l i c ,   h i g h   s t r e n g t h   c y l i n d e r   h a v i n g  

a  h i g h   s t r e n g t h   s t e e l   b a c k i n g   o u t e r   s h e l l   w i t h   a  h a r d ,  

w e a r   and  c o r r o s i o n - r e s i s t a n t   l i n e r   or  i n l a y .   I t   s h o u l d  

be  r e c o g n i z e d   t h a t   t h e   b a c k i n g   s t e e l   mus t   have   a  h i g h  

y i e l d   s t r e n g t h   to  s u p p o r t   h i g h   i n t e r n a l   p r e s s u r e   w i t h o u t  

p l a s t i c   d e f o r m a t i o n   b e c a u s e   t h e   h a r d   l i n e r   a l l o y   i s   b r i t -  

t l e   and  w i l l   c r a c k   w i t h   l i t t l e   d e f o r m a t i o n .   I t   has   n o t  

p r e v i o u s l y   b e e n   p o s s i b l e   to   m a n u f a c t u r e   a  w e a r   and  c o r r o -  

s i o n   r e s i s t a n t   l i n e r   t o g e t h e r   w i t h   a  h i g h   s t r e n g t h   b a c k -  

i ng   s t e e l .   I t   has   p r e v i o u s l y   b e e n   n e c e s s a r y   to   use   a  

h e a t   t r e a t e d   s l e e v e   on  t h e   h i g h   p r e s s u r e   end  of  t h e   i n -  

j e c t i o n   m o l d i n g   c y l i n d e r   in   o r d e r   to  w i t h s t a n d   t h e   h i g h  

s t r e s s e s   a t   t h e   b o r e   and  a t   t h e   l e a d i n g   e d g e   of  t h e   b o l t  

h o l e s   t h a t   r e s u l t   f rom  i n j e c t i o n   p r e s s u r e s   of  2 0 , 0 0 0   p s i  

and  a b o v e .  

The  use   of  a  h e a t   t r e a t e d   s l e e v e   on  t h e   h i g h  

p r e s s u r e   end  of  a  c y l i n d e r   u s e d   in  i n j e c t i o n   m o l d i n g   h a s  

t h e   d i s a d v a n t a g e   t h a t   t h e   r e m a i n d e r   of  t h e   c y l i n d e r   i s  

e x p o s e d   to  h i g h   p r e s s u r e s   t h a t   m i g h t   a c c i d e n t a l l y   o c c u r  

in  p r o c e s s i n g   e n v i r o n m e n t s   i f   a  c o l d   s t a r t   w e r e   e x p e r i -  



e n c e d .   A  c o l d   s t a r t   o c c u r s   when  an  i n j e c t i o n   m o l d i n g  

m a c h i n e   i s   s h u t   down  w i t h   m a t e r i a l   s t i l l   in   t h e   c y l i n d e r .  

The  m a t e r i a l   c o o l s   and  b e c o m e s   a  s o l i d   p l u g .   When  t h e  

m a c h i n e   i s   r e s t a r t e d   a n d ,   u n t i l   t h e   p l u g   m e l t s ,   p r e s s u r e s  

can   be  g e n e r a t e d   in   t h e   n o r m a l l y   low  p r e s s u r e   a r e a   o f  

s u f f i c i e n t   m a g n i t u d e   to   p e r m a n e n t l y   d e f o r m   t h e   c y l i n d e r ,  

r e n d e r i n g   i t   u s e l e s s .  

The  r e a s o n   t h a t   i t   ha s   no t   been   p o s s i b l e   to  s u p -  

p l y   a  w e a r   and   c o r r o s i o n   r e s i s t a n t   l i n e r   w i t h   a  h i g h  

s t r e n g t h   b a c k i n g   s t e e l   i s   t h a t   when  t h e   b a c k i n g   s t e e l   i s  

h a r d e n e d   by  t r a d i t i o n a l   h e a t   t r e a t m e n t ,   i . e .   q u e n c h i n g  

f r o m   t h e   a u s t e n i t i c   p h a s e   t e m p e r a t u r e   to  room  t e m p e r a -  

t u r e ,   t h e   h a r d   l i n e r   m a t e r i a l   t e n d s   to  c r a c k .   The  t r a d i -  

t i o n a l   p r a c t i c e   of  h a r d e n i n g   s t e e l   c o n s i s t s   of  h e a t i n g  

t h e   s t e e l   to   a  h i g h   t e m p e r a t u r e ,   in  t he   r a n g e   of  1 5 0 0 -  

1 9 0 0 °   F.  At  t h i s   t e m p e r a t u r e ,   b o t h   t h e   l i n e r   and  b a c k i n g  

s t e e l   m a t e r i a l   b e c o m e   a u s t e n i t i c   in  p h a s e   s t r u c t u r e .   I f  

t h i s   m a t e r i a l   i s   t h e n   r a p i d l y   c o o l e d   to  room  t e m p e r a t u r e ,  

t h e   a u s t e n i t e   t r a n s f o r m s   to  a n o t h e r   c r y s t a l l i n e   s t r u c -  

t u r e ,   m a r t e n s i t e ,   w h i c h   i s   v e r y   b r i t t l e   and  r e s i s t a n t   t o  

d e f o r m a t i o n .   H o w e v e r ,   t r a n s f o r m a t i o n   of  a u s t e n i t e   t o  

m a r t e n s i t e   i s   a c c o m p a n i e d   by  a  v o l u m e   e x p a n s i o n   and  i t   i s  

t h i s   e x p a n s i o n   in   t h e   b a c k i n g   s t e e l   w h i c h   w o u l d   t e n d   t o  

c r a c k   c o n v e n t i o n a l   h a r d   l i n e r   m a t e r i a l s   s u c h   as   t h a t   d e -  

s c r i b e d   in  U . S .   P a t e n t   3 , 6 5 8 , 5 1 5   in  t he   b i m e t a l l i c   c y l i n -  

d e r   d u r i n g   h e a t   t r e a t m e n t .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   b i -  

m e t a l l i c   c y l i n d e r   and   a  m e t h o d   f o r   m a k i n g   t h e   b i m e t a l l i c  

c y l i n d e r .   The  c y l i n d e r   has   a  h i g h   s t r e n g t h   h o u s i n g   o r  

b a c k i n g   s t e e l   and  a  f e r r o u s   a l l o y   l i n e r   or  i n l a y .   T h e  

h i g h   s t r e n g t h   of  t h e   b a c k i n g   and  r e l a t i v e l y   h i g h   l i n e r  

h a r d n e s s   a r e   a c h i e v e d   by  p o s t   h e a t   t r e a t m e n t   of  t he   c o m -  

p o s i t e   c     a f t e r   t he   l i n e r   has   been   f o r m e d   on  t h e  



i n s i d e   of  t h e   c y l i n d e r .   T h i s   p r o v i d e s   t h e   a d v a n t a g e   t h a t  

t h e   b i m e t a l l i c   c y l i n d e r   can   be  b o r e d   i n s t e a d   of  h o n e d  

p r i o r   to   t h e   h e a t   t r e a t m e n t   t h e r e b y   s u b s t a n t i a l l y   r e d u c -  

i n g   t h e   n e e d   f o r   t h e   r e l a t i v e l y   e x p e n s i v e   h o n i n g   p r o c e s s  
n e e d e d   a f t e r   h e a t   t r e a t m e n t .  

The  b a c k i n g   s t e e l   of  t h e   p r e s e n t   i n v e n t i o n   i s  

s t r e n g t h e n e d   by  r a p i d l y   c o o l i n g   f rom  t h e   a u s t e n i t i z i n g  

r a n g e   to   an  i n t e r m e d i a t e   t e m p e r a t u r e ,   a f t e r   w h i c h   t h e  

s t e e l   i s   s l o w l y   c o o l e d   a t   a  c o n t r o l l e d   r a t e ,   and  t r a n s -  

f o r m e d   i n t o   a  s u b s t a n t i a l l y   b a i n i t i c   s t r u c t u r e   h a v i n g   a  

h a r d n e s s ,   p r e f e r a b l y   b e t w e e n   3 0 - 5 0   R o c k w e l l   C.  At  t h i s  

i n t e r m e d i a t e   t e m p e r a t u r e ,   t h e   l i n e r   m a t e r i a l   i s   s t i l l  

s u f f i c i e n t l y   t o u g h   and  d u c t i l e   to  a b s o r b   t h e   s m a l l   e x p a n -  
s i o n   t h a t   t a k e s   p l a c e   on  t h e   t r a n s f o r m a t i o n   of  t h e   b a c k -  

i n g   s t e e l .   Such  i n t e r m e d i a t e   t e m p e r a t u r e   i s   t y p i c a l l y  

b e t w e e n   a b o u t   500°   F  and  8 0 0 .   F.  Upon  c o o l i n g   f r o m   t h e  

t e m p e r a t u r e   a t   w h i c h   t h e   b a c k i n g   s t e e l   t r a n s f o r m s   t o  

b a i n i t e ,   t h e   l i n e r   a l l o y   t r a n s f o r m s   to  p r e d o m i n a n t l y   m a r -  

t e n s i t e .  

An  o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e   an  i m -  

p r o v e d   h i g h   s t r e n g t h   b i m e t a l l i c   c y l i n d e r   w i t h   a  p o s t - h e a t  

t r e a t a b l e   l i n e r   m a t e r i a l   t h a t   d o e s n ' t   c r a c k   when  t he   c o m -  

p o s i t e   c y l i n d e r   i s   h e a t   t r e a t e d   to   i m p a r t   h i g h   s t r e n g t h  

to   t h e   b a c k i n g   m a t e r i a l   and  a d e q u a t e   h a r d n e s s   to  t h e  

l i n e r .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   a n  

i m p r o v e d   m e t h o d   f o r   m a k i n g   a  b i m e t a l l i c   c y l i n d e r   w h e r e  

t h e   l i n e r   i s   b o r e d   p r i o r   to   t h e   h a r d e n i n g   of  t h e   s t e e l  

b a c k i n g .  

A  f u r t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   to  p r o v i d e  

an  i m p r o v e d   b i m e t a l l i c   c y l i n d e r   w h i c h   i s   wea r   and  c o r r o -  

s i o n   r e s i s t a n t   and  d o e s   n o t   r e q u i r e   t he   l a t e r   a d d i t i o n   o f  

a  h e a t   t r e a t e d   s l e e v e ,   as  i s   n e c e s s a r y   in  c o n v e n t i o n a l  

b i m e t a l l i c   c y l i n d e r s   w h e r e   t h e   b a c k i n g   d o e s   no t   p o s s e s s  

s u f f i c i e n t   s t r e n g t h   to  w i t h s t a n d   h i g h   i n t e r n a l   p r e s s u r e s .  



A  s t i l l   f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

p r o v i d e   an  i m p r o v e d   c y l i n d e r   of  a  h i g h   s t r e n g t h   s t e e l  

b a c k i n g   and   f e r r o u s   a l l o y   l i n e r   w h i c h ,   when  m a n u f a c t u r e d  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   p r o v i d e s   b o t h   c o r r o -  

s i o n   and   a b r a s i o n   w e a r   r e s i s t a n c e   in   t h e   l i n e r   m a t e r i a l .  

In   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   b a c k i n g   s t e e l  

c y l i n d e r s   a r e   made  of  c a r b o n   or   low  a l l o y   s t e e l s ,   s u c h   a s  

A I S I - S A E   d e s i g n a t e d   a l l o y   s t e e l s   4 1 4 0 ,   4 3 4 0 ,   8 6 2 0 ,   a n d  

6 1 5 0 ,   w h i c h   h a v e   s u f f i c i e n t   h a r d e n a b i l i t y   to   a v o i d   f o r m a -  

t i o n   of  u n d e s i r a b l e   h i g h   t e m p e r a t u r e   t r a n s f o r m a t i o n   p r o d -  

u c t s   d u r i n g   c o o l i n g   f r o m   t h e   a u s t e n i t i z i n g   t e m p e r a t u r e .  

L i n e r   m a t e r i a l s   u s e d   in   t h e   i n v e n t i o n   a r e   f e r -  

r o u s   a l l o y s   w h i c h   h a v e   a  t r a n s f o r m a t i o n   t e m p e r a t u r e   t o  

m a r t e n s i t e   b e l o w   t h e   t e m p e r a t u r e   a t   w h i c h   t h e   b a c k i n g  

s t e e l   t r a n s f o r m s   to   b a i n i t e .   Such   m a t e r i a l s   w o u l d   i n -  

c l u d e   a l l o y s   of  t h e   f o l l o w i n g   c o m p o s i t i o n :  

The  e x p r e s s i o n   "up  to"   a  s p e c i f i e d   p e r c e n t a g e   i s  

i n t e n d e d   to   i n c l u d e   0  p e r c e n t   of  t h e   i n d i c a t e d   c o m p o n e n t .  

In  a d d i t i o n ,   any  p h o s p h o r o u s   or  s u l f u r   p r e s e n t   e x i s t   a s  

i m p u r i t i e s .  



O t h e r   s u i t a b l e   a l l o y s   i n c l u d e   n i c k e l - c h r o m i u m  

w h i t e   i r o n s   c o n t a i n i n g   3-5%  Ni  and  1  1 / 2 - 2   1/2%  Cr  a n d  

s o l d   u n d e r   t h e   t r a d e m a r k   " N i - H a r d . "   Also   s u i t a b l e   a r e  

c h r o m i u m - m o l y b d e n u m   w h i t e   i r o n s   c o n t a i n i n g   14-20%  Cr  a n d  

1-3%  Mo,  and  h a r d   f e r r o u s   a l l o y s ,   s u c h   as  t h o s e   d e s c r i b e d  

in   U . S .   P a t e n t   3 , 3 3 4 , 9 9 6 .   In  any  e v e n t ,   one  s h o u l d   c o n -  

s u l t   p u b l i s h e d   t i m e - t e m p e r a t u r e   t r a n s f o r m a t i o n   c h a r t s   t o  

d e t e r m i n e   t h a t   a l l o y s   u s e d   in   t h e   l i n e r   c o n v e r t   to  m a r -  

t e n s i t e   a t   a  t e m p e r a t u r e   l o w e r   t h a n   t h e   b a i n i t e   c o n v e r -  

s i o n   t e m p e r a t u r e   f o r   t h e   s e l e c t e d   b a c k i n g   m e t a l .  

In  any  e v e n t ,   t h e   h a r d   f e r r o u s   a l l o y   i n l a y   o r  

l i n e r   i s   one  w h i c h ,   u p o n   c o o l i n g   f rom  t he   a u s t e n i t i z i n g  

t e m p e r a t u r e ,   t r a n s f o r m s   s u b s t a n t i a l l y   i n t o   a  m a r t e n s i t e  

s t r u c t u r e   h a v i n g   a  t y p i c a l   h a r d n e s s   of  5 8 - 6 5   Rc,  a n d  

p r e f e r a b l y   b e t w e e n   6 2 - 6 4   R c .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a  b i -  

m e t a l l i c   c y l i n d e r   i s   p r e p a r e d ,   s u c h   as  by  c e n t r i f u g a l  

c a s t i n g ,   in   w h i c h   t h e   r e l a t i v e l y   s o f t   l i n e r   i s   d e p o s i t e d  

on  t h e   i n s i d e   of  an  o u t e r   h o u s i n g   made  of  low  a l l o y   s t e e l  

s u c h   as  A I S I - S A E   4140  s t e e l .   P r i o r   to  t he   d e p o s i t i n g   o f  

t h e   l i n e r ,   t h e   s t e e l   c y l i n d e r   i s   p r e - b o r e d .   A f t e r   t h e  

l i n e r   i s   d e p o s i t e d ,   b u t   b e f o r e   t h e   h e a t   t r e a t m e n t   of  t h e  

b i m e t a l l i c   c y l i n d e r ,   t h e   l i n e r   i s   r o u g h - m a c h i n e d .   T h e  

r e l a t i v e l y   s o f t   l i n e r   and   o u t e r   h o u s i n g   f a c i l i t a t e   t h e  

m a c h i n i n g   o p e r a t i o n   a t   t h i s   p o i n t .  

The  c y l i n d e r   i s   t h e n   h e a t   t r e a t e d   by  p l a c i n g   i t  

in   a  p r e - h e a t e d   f u r n a c e .   The  c y l i n d e r ,   in  t h e   f u r n a c e ,  

i s   a l l o w e d   to   r e a c h   an  O.D.   t e m p e r a t u r e   of  a b o u t   1500°  F 

to  1900°   F  and  h e l d   a t   t h a t   t e m p e r a t u r e   f o r   a b o u t   30  t o  

90  m i n u t e s ,   d e p e n d i n g   on  t h e   mass   of  t h e   c y l i n d e r .   T h e  

c y l i n d e r   i s   t h e n   r a p i d l y   c o o l e d   to  500°   F  to  800°  F  b y  

w a t e r   q u e n c h i n g ,   p r e f e r a b l y   a l o n g   w i t h   f o r c e d   a i r   c o o l -  

i n g ,   so  t h a t   t h e   c y l i n d e r   t e m p e r a t u r e   r e a c h e s   500°  F  t o  

800°  F  in  l e s s   t h a n   5  m i n u t e s ,   and  p r e f e r a b l y   l e s s   t h a n   2 

m i n u t e s .   I t   i s   t h e n   s l o w l y   c o o l e d   a t   a  c o n t r o l l e d   r a t e ,  



u n t i l   i t   r e a c h e s   a m b i e n t   t e m p e r a t u r e .   The  s l o w   c o o l i n g  

r a t e   d e p e n d s   on  t h e   s i z e   and   t h i c k n e s s   of  t h e   c y l i n d e r ,  

b u t   t y p i c a l l y   w o u l d   be  b e t w e e n   a b o u t   50  to   150°   F  p e r  
h o u r .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

A  c y l i n d e r   i s   made  of   AISI   4140  s t e e l   and   p r e -  
b o r e d   to   an  I . D .   d i m e n s i o n   of  0 . 1 2 4 "   o v e r   t h e   d e s i r e d  

f i n i s h   s i z e .   The  l i n e r   a l l o y   i s   l o a d e d   i n t o   t h e   i n t e r i o r  

of   t h e   s t e e l   t u b e   and  s t e e l   c a p s   a r e   t h e n   w e l d e d   on  t o  

e a c h   e n d   of   t h e   c y l i n d e r   to   c o n t a i n   t h e   l o a d   d u r i n g   c e n -  

t r i f u g a l   c a s t i n g .   The  a i r   i n s i d e   t h e   t u b e   i s   e v a c u a t e d  

and   b a c k f i l l e d   w i t h   a r g o n   g a s ,   u s e d   to  p r e v e n t   o x i d a t i o n  

d u r i n g   c a s t i n g .   The  s e a l e d   t u b e   i s   p l a c e d   in   a  f u r n a c e  

p r e h e a t e d   to   2 4 2 0 °   F  to   2 4 6 0 °   F  and  r e m o v e d   f r o m   t h e   f u r -  

n a c e   when   t h e   O.D.   of  t h e   c y l i n d e r   r e a c h e s   a b o u t   2 4 1 0 °   F .  

The  c y l i n d e r   i s   t h e n   r a p i d l y   t r a n s f e r r e d   to   a  c e n t r i f u g a l  

s p i n n e r   a n d   s p u n   a t   a  s p e e d   s u f f i c i e n t   to   g e n e r a t e   a  75  G 

f o r c e   on  t h e   I . D .   of   t h e   c y l i n d e r .   The  s p i n n i n g   c o n t i n -  

u e s   u n t i l   t h e   O.D.   of   t h e   c y l i n d e r   r e a c h e s   a  t e m p e r a t u r e  

of   a b o u t   1 6 0 0 °   F.  The  c y l i n d e r   i s   s low  c o o l e d   to   r o o m  

t e m p e r a t u r e   o v e r   a  p e r i o d   of  two  d a y s   by  p l a c i n g   i t   in  a  

c o o l i n g   p i t   and   c o v e r i n g   i t   w i t h   w i t h   an  i n s u l a t i n g  

m a t e r i a l ,   s u c h   as  v e r m i c u l i t e .   F o l l o w i n g   c o o l i n g ,   t h e  

c y l i n d e r   i s   r o u g h   b o r e d   to   an  i n t e r n a l   d i m e n s i o n   f r o m  

0 . 0 1 2 "   t o   0 . 0 2 5 "   l e s s   t h a n   t h e   d e s i r e d   f i n i s h   d i m e n s i o n .  

The   c y l i n d e r   i s   t h e n   h e a t - t r e a t e d .   I t   i s   p l a c e d  

i n   a  f u r n a c e   p r e - h e a t e d   to   a b o u t   1900°   to   2 1 5 0 °   F  a n d  

a l l o w e d   to   r e a c h   an  O.D.   t e m p e r a t u r e ,   as  m e a s u r e d   by  a n  

o p t i c a l   p y r o m e t e r   of  a b o u t   1 9 0 0 °   F  and  h e l d   a t   t h a t   t e m -  

p e r a t u r e   f o r   a b o u t   45  m i n u t e s .   The  c y l i n d e r   i s   t h e n   r a p -  

i d l y   t r a n s f e r r e d   to   a  s p i n n e r   and   spun   u n t i l   t h e   O . D .  

t e m p e r a t u r e   r e a c h e s   a b o u t   6 0 0 °   F.  D u r i n g   t h e   c o o l i n g  

c y c l e   on  t h e   s p i n n e r ,   b o t h   w a t e r   and  f o r c e d   a i r   a r e   u s e d  

to   o b t a i n   t h e   d e s i r e d   c o o l i n g   r a t e   d u r i n g   t h e   t r e a t m e n t  



c y c l e   w i t h   a  t y p i c a l   t o t a l   c o o l i n g   t i m e   b e i n g   a b o u t   5 

m i n u t e s .   When  t h e   O.D.   r e a c h e s   a b o u t   600°  F  i t   i s   r e -  
moved  f rom  t h e   s p i n n e r   and  c o o l   s l o w l y   to  a m b i e n t   t e m p e r . -  

a t u r e .   The  c y l i n d e r   i s   t h e n   h o n e d   and  m a c h i n e d   to  t h e  

f i n a l   d i m e n s i o n s .  

I t   s h o u l d   be  r e c o g n i z e d   t h a t  t h e   c o o l i n g   r a t e s  

may  v a r y   w i t h   t he   u se   of  d i f f e r e n t   b a c k i n g   s t e e l s   a n d  

l i n e r   m a t e r i a l   w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n .   D i f -  

f e r e n t   c o o l i n g   r a t e s   a r e   a l s o   r e q u i r e d   f o r   d i f f e r e n t  

s i z e d   c y l i n d e r s .   In  a l l   i n s t a n c e s ,   t h e   c o o l i n g   r a t e s  

u s e d   in  t h e   h e a t   t r e a t m e n t   mus t   be  a d e q u a t e   to  c o m p l e t e  

s u b s t a n t i a l   b a i n i t i c   t r a n s f o r m a t i o n   in  t h e   b a c k i n g   s t e e l  

a t   a  t e m p e r a t u r e   a b o v e   t h e   s t a r t   of  t he   m a r t e n s i t i c  

t r a n s f o r m a t i o n   of  t he   a l l o y   l i n e r .   T h u s ,   t h e   l i n e r s  

h e r e i n   d i s c l o s e d   can   a b s o r b   any  e x p a n s i o n   in  t h e   b a c k i n g  

b e f o r e   i t   c o n v e r t s   to  the   more  b r i t t l e   m a r t e n s i t e   s t r u c -  

t u r e .  

I t   s h o u l d   now  be  a p p r e c i a t e d   t h a t   t h e   c o m p o s i t e  

c y l i n d e r   made  in  a c c o r d a n c e   w i t h   t h e   i n s t a n t   i n v e n t i o n  

d o e s   no t   need   an  a d d i t i o n a l   h e a t   t r e a t e d   s l e e v e   to  w i t h -  

s t a n d   t h e   p r e s s u r e s   e n c o u n t e r e d   when  u s e d   in  t h e   i n j e c -  

t i o n   m o l d i n g   p r o c e s s .  

The  f o l l o w i n g   e x a m p l e s   w i l l   s e r v e   to  i l l u s t r a t e  

t h e   p r e s e n t   i n v e n t i o n   w i t h o u t   l i m i t i n g   i t s   s c o p e .  

EXAMPLES 

In  t h e s e   e x a m p l e s   t he   l i n e r s   w e r e   p r e p a r e d   b y  

c e n t r i f u g a l   c a s t i n g   as  d e s c r i b e d   a b o v e   in  t h e   p r e f e r r e d  

e m b o d i m e n t .  

E x a m p l e   1 

An  a l l o y   of  t he   f o l l o w i n g   c o m p o s i t i o n   was  p l a c e d  

i h t o   1 4 0   s t e e l   c y l i n d e r .  



The  c e n t r i f u g a l   c a s t i n g   was  p e r f o r m e d   in   w h i c h   t h e   c y l i n -  

d e r   was   h e a t e d   to  an  O.D.   t e m p e r a t u r e   of  2 4 1 0 °   F.  T h e  

c y l i n d e r   was   p r e - b o r e d   to   a  d i m e n s i o n   of  0 . 1 2 4 "   o v e r   t h e  

d e s i r e d   f i n i s h   I . D .   of  1 . 7 5 7 " .   The  a l l o y   was  t h e n   c a s t  

i n t o   t h e   c y l i n d e r ,   c o o l e d   and  s u b s e q u e n t l y   r o u g h   m a c h i n e d  

to   a  d i m e n s i o n   of   1 . 7 4 7 "   I . D .  x   3 . 8 5 "   O.D.   x  3 2 . 5 0 0 "  

l e n g t h .   The   m a c h i n i n g   was  r e l a t i v e l y   e a s y   due  to   t h e  

b a c k i n g   s t e e l   and  l i n e r   b e i n g   s o f t   a t   t h i s   p o i n t  i n   t h e  

p r o c e s s .  
The   c y l i n d e r   was  t h e n   h e a t   t r e a t e d   in   a  f u r n a c e  

t h a t   was   p r e - b a l a n c e d   a t   2 1 0 0 °   F.  The  c y l i n d e r   was  a l -  

l o w e d   t o   r e a c h   an  O.D.   t e m p e r a t u r e   of  1 9 0 0 °   F  and   h e l d   a t  

t h a t   t e m p e r a t u r e   f o r   a  p e r i o d   of   45  m i n u t e s .   The  c y l i n -  

d e r   was   t h e n   t r a n s f e r r e d   to   a  c e n t r i f u g a l   s p i n n e r   a n d  

s p u n   u n t i l   t h e   O . D ,   t e m p e r a t u r e   r e a c h e d   a p p r o x i m a t e l y  

6 0 0 °   F.  D u r i n g   t h e   c o o l i n g   c y c l e   on  t h e   s p i n n e r ,   b o t h  

w a t e r   a n d   f o r c e d   a i r   w e r e   u s e d   to   a c h i e v e   t h e   d e s i r e d  

c o o l i n g   r a t e   d u r i n g   t h e   h e a t   t r e a t m e n t   c y c l e .   When  t h e  

O . D .   r e a c h e d   t h e   600°   F  r a n g e ,   i t   was  r e m o v e d   f r o m   t h e  

s p i n n e r   a n d   s l o w l y   c o o l e d   to   room  t e m p e r a t u r e   o v e r   a  p e r -  

i o d   of   5  h o u r s .  



S e c t i o n i n g   of  t h e   c y l i n d e r   showed   t h a t   t h e   h a r d -  

n e s s   of  t h e   b a c k i n g   s t e e l   was  50  Rc  and  had  a  y i e l d  

s t r e n g t h   of  2 4 7 , 0 0 0   p s i   and  a  t e n s i l e   s t r e n g t h   of  2 7 1 , 0 0 0  

p s i .   P r e s s u r e   t e s t i n g   was  p e r f o r m e d   on  t h e   r e m a i n i n g  

p o r t i o n   of  t h e   t u b e   a f t e r   m a c h i n i n g   to  t h e   f o l l o w i n g   d i m -  

e n s i o n s :   1 . 7 5 7 "   I . D .   x  3 . 7 5 0 "   O.D.   x  24"  l e n g t h .   T h e  

l i n e r   m a t e r i a l   d i d   n o t   c r a c k   u n t i l   a  p r e s s u r e   of  5 5 , 0 0 0  

p s i   e q u i v a l e n t   to  a  hoop   s t r e s s   a t   f a i l u r e   of  8 5 , 6 0 0   p s i .  

The  l i n e r   had  a  h a r d n e s s   of  64  Rc.  A  m e t a l l u r g i c a l   e v a l -  

u a t i o n   f o r   t h e   r e s u l t i n g   s t r u c t u r e s   s h o w e d   t h a t   t h e   h e a t  

t r e a t e d   b a c k i n g   s t e e l   had  t r a n s f o r m e d   s u b s t a n t i a l l y   to   a  

b a i n i t i c   s t r u c t u r e   and  t h e   h a r d   l i n e r   had  t r a n s f o r m e d   t o  

s u b s t a n t i a l l y   to   a  m a r t e n s i t i c   s t r u c t u r e   c o n t a i n i n g   p r i -  

mary   c a r b i d e s .  

E x a m p l e   2  

A  c y l i n d e r   was  p r e p a r e d   as  in   E x a m p l e   1  e x c e p t  

t h a t   t h e   s u b s e q u e n t   h e a t   t r e a t m e n t   was  no t   p e r f o r m e d .  

The  h a r d n e s s   of  t h e   b a c k i n g   s t e e l   was  f o u n d   to  be  o n l y  

1 8 - 2 0   Re  w i t h   a  y i e l d   s t r e n g t h   of  o n l y   6 0 , 0 0 0   p s i   w h i c h  

w o u l d   c a u s e   t h e   l i n e r   to  c r a c k   a t   l e s s   t h a n   3 0 , 0 0 0   p s i .  

The  l i n e r   had  a  h a r d n e s s   of  o n l y   3 5 - 4 5   R c .  

E x a m p l e   3 

A  c y l i n d e r   was  p r e p a r e d   as  in   E x a m p l e   1  e x c e p t  

t h a t   t h e   l i n e r   was  t h e   i r o n - n i c k e l - b o r o n   a l l o y   of  U . S .  

P a t e n t   3 , 6 5 8 , 5 1 5   ( c o l .   2,  l i n e s   1 - 8 ) .   The  h a r d n e s s   o f  

t h e   b a c k i n g   s t e e l   was  f o u n d   to   be  1 5 - 1 8   Re  w i t h   a  y i e l d  

s t r e n g t h   of  5 1 , 0 0 0   p s i .   The  l i n e r   h a r d n e s s   r a n g e d   f r o m  

6 0 - 6 2   R c .  

The  c y l i n d e r   in  E x a m p l e   3  was  s u b j e c t e d   to  t h e  

same  h e a t   t r e a t m e n t   as  t h e   c y l i n d e r   in  E x a m p l e   1.  T h e  

b a c k i n g   s t e e l   h a r d n e s s   was  f o u n d   to   be  3 5 - 4 0   Rc,  b u t   t h e  

l i n e r   was  c r a c k e d   a l l   t h r o u g h ,   b e c a u s e   t h e   l i n e r   a l l o y  



c o n v e r t e d   t o   b r i t t l e   m a r t e n s i t e   a t   a p p r o x i m a t e l y   t h e   s a m e  

t e m p e r a t u r e   as   t h e   b a c k i n g   or   s h e l l   t r a n s f o r m e d   to   b a i n -  

i t e .  

F rom  t h e   a b o v e ,   i t   i s   a p p a r e n t   t h a t   t h e   b i m e t a l -  

l i c   c y l i n d e r s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   s u p e r i o r   t o  

t h o s e   u s i n g   l i n e r   m a t e r i a l s   w h i c h   c o n v e r t   to   m a r t e n s i t e  

a l o n g   w i t h   c o n v e r s i o n   of  t h e   b a c k i n g   to   m a r t e n s i t e .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e -  

s c r i b e d   i n   c o n n e c t i o n   w i t h   a  p l u r a l i t y   of  p r e f e r r e d   e m -  

b o d i m e n t s   t h e r e o f ,   many  o t h e r   v a r i a t i o n s   and  m o d i f i c a -  

t i o n s   w i l l   now  b e c o m e   a p p a r e n t   t o   t h o s e   s k i l l e d   in   t h e  

a r t .   I t   i s   p r e f e r r e d ,   t h e r e f o r e ,   t h a t   t h e   p r e s e n t   i n v e n -  

t i o n   be  l i m i t e d   n o t   by  t h e   s p e c i f i c   d i s c l o s u r e   h e r e i n ,  

b u t   o n l y   by  t h e   a p p e n d e d   c l a i m s .  



1.  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h  

b i m e t a l l i c   c y l i n d e r   c o m p r i s i n g   t h e   s t e p s   o f :  

d e p o s i t i n g   a  w e a r   and  c o r r o s i o n   r e s i s t a n t   f e r -  

r o u s   a l l o y   l i n e r   i n   a  s t e e l   c y l i n d e r ;  

h e a t - t r e a t i n g   t h e   c y l i n d e r   by  h e a t i n g   to   a  t e m -  

p e r a t u r e   s u f f i c i e n t   to   f o rm  an  a u s t e n i t i c   p h a s e   in   t h e  

c y l i n d e r ,   c o o l i n g   t h e   c y l i n d e r   to   an  i n t e r m e d i a t e   l e v e l  

so  t h a t   t h e   f e r r o u s   o u t e r   c a s i n g   i s   t r a n s f o r m e d   to   a  

b a i n i t i c   s t r u c t u r e ,   and  t h e n   f u r t h e r   c o o l i n g   t h e   c y l i n d e r  

so  t h a t   t h e   f e r r o u s   a l l o y   l i n e r   i s   t r a n s f o r m e d   i n t o   a  

m a r t e n s i t i c   s t r u c t u r e .  

2.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   t h e   i n n e r  

d i a m e t e r   of  t h e   b i m e t a l l i c   c y l i n d e r   i s   b o r e d   p r i o r   to  t h e  

h e a t   t r e a t m e n t .  

3.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   t he   s t e e l   o f  

t h e   c y l i n d e r   b a c k i n g   i s   AISI   4140  s t e e l .  

4.   The  m e t h o d   of  c l a i m   2,  w h e r e i n   t he   c o m p o s i -  

t i o n   of  t h e   f e r r o u s   a l l o y   l i n e r   i s :  



5.   The  m e t h o d   of   c l a i m   2  w h e r e i n   t h e   c y l i n d e r   i s  

h e a t e d   to   an  O.D.   t e m p e r a t u r e   f r o m   a b o u t   1 5 0 0 °   F  to   1 9 0 0 °  

F  h e l d   a t   s u c h   t e m p e r a t u r e   f rom  a b o u t   30  to   90  m i n u t e s ,  

r a p i d l y   c o o l e d   to   500°   F  to  800°   F  and  t h e n  s l o w l y   c o o l e d  

a t   a  c o n t r o l l e d   r a t e   u n t i l   i t   r e a c h e s   a m b i e n t   t e m p e r a t u r e .  

6 .   The  m e t h o d   of  c l a i m   5,  w h e r e i n   t h e   s l o w  

c o o l i n g   r a t e   i s   b e t w e e n   a b o u t   50°  F  and   150°   F  p e r   h o u r .  

7 .   The  m e t h o d   of   c l a i m   6,  w h e r e i n   t h e   r a p i d  

c o o l i n g   i s   a f f e c t e d   by  w a t e r   q u e n c h i n g   and  f o r c e d   a i r  

c o o l i n g   so  t h a t   t h e   c y l i n d e r   t e m p e r a t u r e   r e a c h e s   500°   F 

t o   8 0 0 °   F  i n   l e s s   t h a n   5  m i n u t e s .  

8 .   The  m e t h o d   of  c l a i m   7,  w h e r e i n   l i n e r   i s  

t r a n s f o r m e d   i n t o   a  m a r t e n s i t e   s t r u c t u r e   h a v i n g   a  R o c k w e l l  

C  h a r d n e s s   of   5 8 - 6 5 .  
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